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Abstract. The ionospheric slab thickness τ deﬁned as a ra-
tio of the total electron content (TEC) to the F-region peak
electron density (NmF2) has been analysed during the solar
maximum (1981) and minimum (1985) phases of an intense,
the 21st, solar cycle. Hourly values of TEC and NmF2 col-
lected at Hawaii (low-latitude), Boulder (mid-latitude) and
Goosebay (high-latitude) are used in the study. Climatology
of the slab thickness is described by the diurnal, seasonal,
solar and magnetic activity variations of τ for the different
latitude zones. It is found that, for magnetically quiet days of
solar maximum, increased ionization of NmF2 and TEC dur-
ing the daytime is accompanied by an increased thickness of
the ionosphere compared to the night-time for non-auroral
latitudes. However, the reverse is found to be true during
the solar minimum compensating TEC against a weak night-
time ionization of NmF2. For the high-latitude the night-time
slab thickness is higher compared to the daytime for both the
solar phases. Ratios of daily peak to minimum values of slab
thickness vary from 1.3 to 3.75 with the peaks of τ often
observed at pre-sunrise and post-sunset hours. The average
night-to-day ratios of τ vary from 0.68 to 2.23. The day-to-
day variability of τ, expressed in percentage standard devia-
tion, varies from 10% by day (equinox, high-latitude) to 67%
by night (summer, mid-latitude) during solar minimum and
from 10% by day (winter and equinox, mid-latitude) to 56%
by night (equinox, high-latitude) during solar maximum. A
comprehensive review of slab thickness related literature is
given in the paper.
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1 Introduction
The ionospheric slab thickness is deﬁned as the ratio of
the total electron content (TEC) to the F-region peak elec-
tron density (NmF2). It represents the equivalent thickness
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of the ionosphere having a constant uniform density equal
to that of the F2 peak. It is capable of addressing many
ionospheric phenomena and has been studied over the last
ﬁve decades (e.g. Bhonsle et al., 1965; Kersley and Hajeb
Hosseinieh, 1976; Huang, 1983; Bhuyan and Tyagi, 1985;
Davies and Liu, 1991; Minakoshi and Nishimuta, 1994;
Gulyaeva, 1997). The τ parameter has renewed popularity
by virtue of abandant TEC monitoring by GPS satellites.
A study of this parameter at any location provides infor-
mation about the nature of the distribution of ionization at
that location. Besides, from the point of view of satellite
to ground radio communication, the equivalent slab thick-
ness is a very useful parameter since it contains all the new
information obtainable from TEC measurements, which is
not readily available in foF2 (Titheridge, 1973). For an α –
Chapmanlayer, thevalueofτ isshowntobeequalto4.13H,
whereH isthe scale heightof the ionosphere (Wright, 1960).
Titheridge (1973) has developed a relationship between τ
and neutral temperature. Furman and Prasad (1973) found
that τ in general depends upon the plasma scale height but is
not a good indicator of either electron or ion temperature.
Slab thickness is a signiﬁcant parameter since it contains
information regarding the neutral temperature and, for an as-
sumedelectrondensityproﬁle, itcanberelateddirectlytothe
scale height of the ionizable constituents. Though primarily
a measure of the neutral gas temperature, it is modiﬁed by
ion composition and changes in the upper atmosphere. A
number of studies have been reported on the variation of this
parameter under different geophysical conditions. Detailed
investigation of this parameter for low-latitudes (e.g. Bhuyan
et al., 1986; Rao et al., 1988; Davies and Liu, 1991) and mid-
latitudes (e.g. Bhonsle et al., 1965; Titheridge, 1973; McNa-
mara and Smith, 1982; Gulyaeva, 1997) are available in the
literature. However, studies related to the high-latitude vari-
ations of τ are rather rare (e.g. Buonsanto et al., 1979).
Occurrence of a pre-sunrise peak in τ has been reported
by many investigators for low-latitudes (Walker and Ting,
1972; Bhuyan et al., 1986; Rao et al., 1988) and mid-
latitudes (Bhonsle et al., 1965; Noxon and Johanson, 1970;26 B. Jayachandran et al.: Climatology of ionospheric slab thickness
Fig. 1. Variation of total electron con-
tent, the F2-layer critical frequency and
slab thickness during 5 quiet days (cir-
cles) and 5 disturbed days (crosses) of
March 1981 at Goosebay.
Tiltheridge, 1973; Essex 1978; Buansanto et al., 1979; Mc-
Namara and Smith, 1982). Minakoshi and Nishimuta (1994)
report that for Japanese low and mid-latitudes, a large peak
in slab thickness appears during the solar minimum and dis-
appears as the sunspot number ascends; this peak starts to
reappear during the solar maximum, particularly during the
winter season. A number of theories have been put forward
to explain the widely observed feature of predawn peaks in
theslabthicknessatlowandmid-latitudes. Titheridge(1973)
explains the presunrise peak in τ as due to the downward
movement of the ionosphere when the neutral winds that
have been maintaining the ionosphere decrease or reverse.
The early morning peaks in τ may also appear due to the fact
that sunrise is earlier at heights above the F2-layer causing
some production at the topside, tending to give TEC a lead
over NmF2 which is still decaying.
Rastogi (1988) explains the occurrence of presunrise peak
τ values as due to the collapse of the bottom side of the F-
layer. The whole phenomenon is suggested to be primarily
due to the electrodynamics of the equatorial F-region dur-
ing the presunrise hours. Furthermore, it is known that the
shape factor is most sensitive to the variations of H+/O+ ra-
tio at the F2 peak or equivalent to the transition level at which
[O+]=[H+] (Davies et al., 1976). Large downward ﬂuxes of
H+ at presunrise hours can decrease the O+ to H+ transi-
tion levels in winter, thereby increasing the topside content
and hence the slab thickness. Evans and Holt (1978) mea-
sured such ﬂuxes and this would explain the presunrise peak
in slab thickness in the winter season; they also report that, in
the winter hemisphere, the ﬁeld aligned plasma ﬂow is from
the protonosphere to ionosphere, particularly during the post
midnight hours and the duration of this ﬂow is found to be
decreasing with increase of solar activity.
The postsunset increase in the τ values observed during
the different seasons under varying solar activity conditions
for low-latitude (Bhuyan et al., 1986) could be explained as
beingduetothesecondaryfountaineffectcausedbythepost-
sunset occurrence of a strong eastward electric ﬁeld exist-
ing over the equatorial latitudes (Modi and Iyer, 1989; Balan
and Bailey, 1995). The postsunset enhancement in the τ val-
ues observed for the mid-latitude (Minakoshi and Nishimuta,
1994) may also be associated with the night-time enhance-
ments in TEC at mid-latitudes which is primarily due to the
ﬁeld aligned plasma ﬂow from the protonosphere to the iono-
sphere.
Most of the earlier studies of the ionosphere slab thickness
are conﬁned to single station observation under limited so-
lar activity variations. From these studies, it has been found
that τ shows appreciable diurnal, day-to-day, seasonal, so-
lar and magnetic activity variations with considerable depen-
dence on the location of the observing station. The present
study is an attempt to investigate the simultaneous variations
of τ for low, mid and high-latitudes, respectively represented
by the stations of Hawaii (19◦ N, 206◦ E), Boulder (40◦ N,
255◦ E) and Goosebay (53◦ N, 299◦ E) during the solar max-
imum (1981) and minimum (1985) phases of an intense so-
lar cycle. Total electron content (TEC) and the F2-layer peak
electron density (NmF2) data, simultaneously collected at the
three stations are used for the study. The results presented
here are to be viewed against the fact that the three stations
inthelow, midandhigh-latitudeslieinawidelongitudezone
of 250 ± 50◦ E.B. Jayachandran et al.: Climatology of ionospheric slab thickness 27
Table 1. Satellites used with their sub-ionospheric co-ordinates.
Station Satellites used Sub-ionospheric co-ordinates
1981 1985 Geomagnetic Geographic
Lat.◦ N Lat.◦ N Long.◦ E
Hawaii GOES-3 GOES-3 19.6 19 206
Boulder GOES-3 GOES-3 48.9 40 255
Goosebay GOES-2 GOES-2 64.4 53 299
2 Data and method of analysis
Hourly values of TEC obtained from VHF telemetry trans-
missions from geo-stationary satellites at the low-latitude
station of Hawaii, mid-latitude station of Boulder and the
high-latitude station of Goosebay for the solar maximum
(1981) and minimum (1985) years of solar cycle 21 together
with the corresponding hourly foF2 (F2-layer critical fre-
quency) values obtained simultaneously using ionosondes
from the above three stations form the database of the present
study (World Data Center A, Boulder, CO, USA). The peak
electron density NmF2 for each hour is computed using the
relation:
NmF2 = 1.24(foF2)2 × 1010el.m−3,wherefoF2 is in MHz.
The slab thickness τ, in km, for each hour is computed from
the formula:
τ = TEC/NmF2.
The satellites used and their sub-ionospheric co-ordinates are
given in Table 1. In the present study, days with Ap ≤ 10nT
are taken as magnetically quiet. The months of January,
February, November, December; March, April, September,
October; and May, June, July, August are respectively taken
as winter, equinox and summer season. The daytime slab
thickness is averaged for 08:00 to 16:00LT and night-time
slab thickness is averaged for 20:00 to 04:00LT.
3 Diurnal/seasonal/geomagnetic activity variations of
slab thickness
Figure 1 presents TEC, foF2 and τ for ﬁve magnetically dis-
turbed days (4 to 8 March 1981) and ﬁve quiet days (20 to
24 March 1981) at Goosebay. While both TEC and foF2
have been reduced during the magnetic storm on 5–6 March
the increased slab thickness shows re-distribution of ioniza-
tion towards the greater heights range during the storm. In-
crease of slab thickness is observed also during the day of 7
March when TEC is increased but foF2 is decreased. Thus
the slab thickness behavior presents complementary charac-
teristics of the ionosphere during the storm.
Figure2arepresentsthemeandiurnalvariationsoftheslab
thickness for the three seasons of winter, equinox and sum-
mer during solar minimum year 1985 for the low-, mid- and
high-latitude stations. The crosses represent the mean varia-
tions for magnetically quiet days (Ap ≤ 10nT) alone and the
continuous curves represent these for all days taken together
(i.e. including disturbed days in the computation). The day-
to-day ﬂuctuations are smoothed out in the mean curves.
The seasonal variation of τ during solar minimum is gen-
erally characterised by pre-sunrise peak during the three sea-
sons for the three latitudes. The night-time values of τ are
higher compared to the daytime values during the differ-
ent seasons in the three latitudes except during the summer
season of low and high-latitude stations, where the reverse
seems to be true. It is interesting to note that there is a steep
fall in the slab thickness after sunset hours during solar mini-
mum summer which is more conspicuous in the mid-latitude
station. The effect of magnetic disturbance in the mean sea-
sonal values for the low and high-latitudes is not signiﬁcant.
However, for the mid-latitude station of Boulder, the mag-
netic disturbance enhances the mean τ values during day-
time as well night-time. The results from the present study
for the low-latitude station are in agreement with other inves-
tigations mentioned in the Introduction.
Figure 2b represents the mean diurnal variation of the slab
thickness for the three seasons of winter, equinox and sum-
mer during solar maximum year 1981 for the low-, mid- and
high-latitude stations. It is clear from Fig. 2b that the solar
phase change has signiﬁcant inﬂuence on the τ variations in
thethreelatitudes, particularlyforthemidandhigh-latitudes.
In contrast to the observations during solar minimum, the
daytime values of τ at non-auroral latitudes are generally
higher compared to the corresponding night-time values in
different seasons during the solar maximum phase. The pre-
sunrise and pre-midnight peaks of τ, which are generally ob-
served for the three seasons of the solar minimum for the
three latitudes, are preserved for high and low-latitudes dur-
ing the solar maximum but not evident for the middle lati-
tude. Though the magnetic activity does not have any signif-
icant inﬂuence on the τ variations at low- and mid-latitudes,
it deﬁnitely enhances τ values during the three seasons of the
solar maximum for the high-latitude during both daytime and
night-time.
Table 2 gives the mean daytime (08:00–16:00LT) and
night-time (20:00–04:00LT) values of ionospheric slab
thickness for magnetically quiet days during the solar min-
imum phase (1985) and solar maximum (1981), for the sta-
tions of Hawaii, Boulder and Goosebay. From Table 2, it28 B. Jayachandran et al.: Climatology of ionospheric slab thickness
(a)
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Fig. 2. Seasonal variations of slab thickness for Hawaii, Boulder and Goosebay during (a) solar minimum year 1985, and (b) solar maximum
year 1981 (.x x quiet days, all days).B. Jayachandran et al.: Climatology of ionospheric slab thickness 29
Table 2. Mean daytime (08:00–16:00LT) and night-time (20:00–04:00LT) values of ionospheric slab thickness, in km, for magnetically
quiet days during the solar maximum phase 1981 and the solar minimum phase 1985 for the stations of Hawaii, Boulder and Goosbay for
three seasons (WNT – winter, EQN – equinox, SMR – summer) and annual mean (YEAR).
Station Time sector Slab Thickness,km
1981 1985
WNT EQN SMR YEAR WNT EQN SMR YEAR
Hawaii Day 323 355 354 344 187 241 288 239
Night 327 304 267 299 301 247 245 264
Boulder Day 253 342 439 345 240 278 394 304
Night 272 232 297 267 535 394 559 496
Goosebay Day 256 364 433 351 192 248 265 235
Night 527 528 488 514 313 309 201 274
Table 3. Diurnal ratio and night/day (N/D) ratio of slab thickness for Hawaii, Boulder and Goosebay during the winter, equinox and summer
seasons of the solar maximum year 1981 and solar minimum year 1985.
Diurnal Ratio 1981 1985
W E S W E S
Hawaii 2.22 1.68 1.53 3.75 1.52 1.76
N/D 1.01 0.86 075 1.61 1.02 0.85
Boulder 1.38 1.72 1.8 3.09 1.82 2.55
N/D 1.07 0.68 0.68 2.23 1.42 1.42
Goosebay 2.99 2.04 1.31 2.27 2.09 1.77
N/D 2.06 1.45 1.13 1.63 1.25 0.76
is found that, for magnetically quiet days at solar minimum,
the mean night-time values are higher than the mean daytime
values for the three seasons for low-, mid- and high-latitudes
except during the summer of low- and high-latitudes where
the reverse is the case. The mean daytime values of τ are
highest in summer and lowest in winter for all three latitudes.
Considering the night-time mean τ values, the reverse seems
to be the case for low- and high-latitudes with nearly equal
values of τ during the winter and summer seasons for the
mid-latitude station where the lowest mean value is regis-
tered during the equinox. Mid-latitude mean τ values for
both daytime and night-time are higher compared to corre-
sponding low- and high-latitude values for the three seasons.
Also, the difference between the mean daytime and night-
time values of τ is the highest for the mid-latitude during the
three seasons. During the solar maximum phase, for magnet-
ically quiet days the night-time mean values of τ are lower
compared to the corresponding daytime values of the respec-
tive seasons for non-auroral latitudes. However, the winter
night-time mean τ value for the mid-latitude station at Boul-
der is somewhat higher compared to the daytime mean value.
Thus, it is found that, while the night-time mean values of
τ are generally higher compared to the daytime mean values
in the different seasons for the three latitudes during the solar
minimum, the reverse seems to be the case during solar max-
imum at low- and mid-latitudes. For the high-latitude station
at Goosebay the night-time values remain dominant. This is
more evident from the annual mean values of slab thickness
where the seasonal effects are smoothed out. For both so-
lar phases the highest and lowest daytime mean τ values are
registered, respectively, in summer and winter for the three
latitudes.
Table 3 gives the diurnal ratios (maximum/minimum) of
the slab thickness and also ratios of night-to-day mean val-
ues for Hawaii, Boulder and Goosebay during the winter,
equinox and summer seasons of the solar maximum (1981)
and solar minimum (1985) years. It is found that during the
solar minimum the diurnal ratios are highest during the win-
ter season for the three latitudes and these ratios are found
to decrease with increase of latitude. During solar maxi-
mum, the diurnal ratios of the high-latitude station are higher
compared to the corresponding values for the low- and mid-
latitudes during winter and equinox. The seasonal variation
of the diurnal ratios is also greater for the high-latitude sta-
tion. As distinct from the diurnal ratios which, by deﬁni-
tion, are always greater than 1, the night-to-day ratios are
found to vary from 0.68 (Boulder, equinox and summer, so-
lar maximum)to 2.23(Boulder, winter, solar minimum). The
difference between the two types of ratios is most effective
for those conditions when the observed peak of slab thick-30 B. Jayachandran et al.: Climatology of ionospheric slab thickness
Fig. 3. Solar activity variation of
slab thickness for Hawaii, Boulder and
Goosebay during the winter season of
solar maximum and minimum years.
ness refers to the sunrise/sunset hours when the ionosphere –
protonosphere plasma ﬂux changes its direction.
4 Solar activity variations
In order to study the solar activity variations of the slab thick-
ness, the mean daytime (08:00–16:00LT) values of τ for
magnetically quiet days are plotted against the correspond-
ing S10.7 solar ﬂux values for the three latitudes during the
three seasons of solar maximum and minimum phases.
Figure 3 gives the solar activity variation of daytime mean
τ values during the winter season of the solar maximum and
minimum phases for the three latitudes. It is clear from Fig. 3
that for the low-latitude station of Hawaii, the mean daytime
τ values remain more or less constant for low solar ﬂux val-
ues (below about 100 units of S10.7) as well as high ﬂux val-
ues (above about 170 units of S10.7). However, the τ values
are higher for the high solar ﬂux values compared to the low
solar ﬂux values. The daytime mean τ value for the mid-
latitude in the winter season is somewhat lower compared to
the low-latitude for low and high solar activity regions except
for very low solar ﬂux values below about 75 units of S10.7
where τ values are higher compared to those for low-latitude.
Thus the mid-latitude τ variation in winter is characterized
by a decreasing trend in τ values with increase of solar ﬂux
in the low solar ﬂux region. For high solar ﬂux values the
variation of τ with solar ﬂux seems to be similar to that of
the low-latitude. Considering the solar activity variation of
the mean daytime values of τ for the high-latitude in winter,
the τ values remain more or less constant with values some-
what higher compared to the low-latitude for low solar ﬂux
values. However, there is a linear increase of τ with solar
ﬂux values in the high solar activity level.
Variation of the daytime mean τ with solar activity dur-
ing the equinox and summer seasons are very similar to the
variation during winter but the magnitude of τ shows en-
hancements for the three latitudes during the solar maximum
phase. In the low solar ﬂux region, the daytime mean value
of τ for the low- and high-latitudes remains more or less con-
stant for the three seasons. However, the mid-latitude τ val-
ues decrease with solar activity for very low solar ﬂux values
below about 75 units of S10.7 solar ﬂux. During the solarB. Jayachandran et al.: Climatology of ionospheric slab thickness 31
Table 4. Mean daytime (08:00–16:00LT) and night-time (20:00–04:00LT) variability of ionospheric slab thickness for solar maximum year
1981 and solar minimum year 1985 for magnetically quiet days.
Station Time sector 1981 1985
WNT EQN SMR WNT EQN SMR
Hawaii Day 15 12 17 26 18 19
Night 45 37 30 39 34 30
Boulder Day 10 10 17 14 13 34
Night 32 21 29 24 40 67
Goosbay Day 23 44 15 16 10 17
Night 18 56 23 33 24 39
maximum phase the variation of τ with solar activity shows
a linear increase for the three seasons at the high-latitude sta-
tion. Such a linear increase is evident only during the sum-
mer season for the mid-latitude and during the summer and
equinox seasons for the low-latitude.
5 Day-to-day variability
The day-to-day variability of any parameter is best described
by the ratio of the standard deviation to the monthly mean
value. The mean seasonal values of such ratios of τ, ex-
pressedaspercentages[(σmean)×100%], aregiveninTable4
for the daytime (08:00–16:00LT) and night-time (20:00–
04:00LT) for solar maximum year (1981) and solar mini-
mum year (1985) for magnetically quiet days.
For the solar minimum at low-latitude the mean τ vari-
ability is highest during winter for both daytime as well as
night-time. For mid- and high-latitudes, the summer τ seems
to be most variable for daytime as well as night-time. While
the mean night-time τ variations are lowest during the sum-
mer, winter and equinox seasons respectively for low-, mid-
and high-latitudes, the daytime of equinox shows the most
stable behaviour of τ for the three latitudes.
During the solar maximum, for low-latitude, the summer
daytime and winter night-time seem to be the most variable,
whereas the equinox daytime and summer night-time are the
most stable. Considering the mid-latitude, the variability in
slab thickness is found to be the highest for summer daytime
and winter night-time whereas the equinox seems to be most
stable for both daytime and night-time. The equinox season
at the high-latitude station seems to be the most variable of
the different seasons for the three latitudes for both daytime
and night-time.
6 Discussion and conclusions
The seasonal behaviour of slab thickness for an Indian low-
latitude station at Delhi (26◦ N) during the ascending phase
of the solar cycle 21 (1975 to 1980) has been discussed by
Bhuyan et al. (1986). Their results are conﬁrmed, more or
less qualitatively, by our present study for the low-latitude
station of Hawaii. Examining the decay trend in TEC and
NmF2 during the post midnight hours, they found a slump
in TEC in winter around 04:00 to 05:00LT while NmF2 is
still decaying causing an enhancement in τ during winter as
observed in the present study. Also, the seasonal variation of
τ presented in this study for the low-latitude station agrees
qualitatively with their results. The yearly mean values of τ
obtained in their study are 225km and 400km, respectively,
during the solar minimum and maximum phases. The cor-
responding values obtained in the present study are 240km
and 340km, respectively. According to Huang (1983) the
seasonal dependence of the occurrence of presunrise and
prenoon peaks and subsidiary peaks after sunset, observed
in the slab thickness for the low-latitude station of Lumping
(25◦ N, 121.17◦ E), is associated with the solar activity vari-
ations. In the present study such very large presunrise winter
night-time values of τ at low-latitude are observed for solar
minimum and maximum while these disappear at solar max-
imum at mid-latitudes and move to the post-sunset hours at
high latitute.
Many authors have reported positive dependence of slab
thickness on S10.7 solar ﬂux from various locations (Bhon-
sle et al., 1965; Dabas et al., 1984; Tyagi and Somaya-
julu, 1966). Davies and Liu (1991) studied the slab thick-
ness at 15 stations in the low- and mid-latitudes (1967–1986)
and found its solar cycle dependence; they observed that the
noontime slab thickness increases with increase of solar ﬂux
in all seasons. They concluded that the predawn increase in
slab thickness is caused by low values of NmF2, not by in-
crease of TEC. However, while studying the variations of τ
during the declining phase of the solar cycle 21 for the Chi-
nese low-latitudes, Liu et al. (1992) report only a weak linear
dependence of slab thickness with 12 months running mean
sunspot number. The present study of solar activity depen-
dence on τ indicates that it varies with latitude, season and
also with the levels of solar activity. During solar maximum,
ingeneral, thereisalinearincreaseofτ withsolarﬂuxforthe
different seasons of the three latitudes except during the win-
ter season at low-latitude and during the winter and equinox
seasons at mid-latitude. For low solar ﬂux values, the slab
thickness remains more or less constant for low and high-
latitudes for the three seasons. However, for mid-latitude, it32 B. Jayachandran et al.: Climatology of ionospheric slab thickness
shows a decreasing trend with increasing solar ﬂux for very
low ﬂux values. Buonsanto et al. (1979) made a compara-
tive study of the variation of τ for the mid-latitude station
at Sagamore Hill and the high-latitude station at Goosebay
during the low, medium and high solar activity periods of the
20 solar cycle. They could observe many similarities in the
variations of τ for both locations. Our results indicate that
night-time-to-daytime ratio of τ at solar minimum/maximum
differs at high-latitudes from the low and mid-latitudes.
Most of the earlier studies of the inﬂuence of geomagnetic
activity on the slab thickness were inconclusive. Bhuyan
et al. (1986) report no correlation between slab thickness
and magnetic activity index Ap for Indian low-latitudes
and the results from the present study for the low-latitude
station of Hawaii agree well with their results. Chauhan
and Gurm (1981) report, from their study during the so-
lar minimum period of 1975–76 for Indian low-latitudes,
that increase and decrease of slab thickness occurs with
equal frequency and concluded that magnetic activity has
no deﬁnite impact on slab thickness. Kersley and Hajeb-
Hossinieh (1976) report a positive correlation between τ and
magnetic activity during medium solar activity conditions for
the mid-latitude station of Aberystwith (53◦ N, 4◦ W). The
variation of τ during storm times are thought to be brought
aboutbythecompetingeffectsof(1)electricﬁeldsandwinds
which tend to raise the layer (and lower the loss rate) in the
early phase of the storm, (2) increase in the scale height of
the neutral atmosphere caused by the heat deposited in the
auroral zone and (3) changes in the composition of the at-
mosphere brought about by the redistribution of the lighter
constituents (e.g. He and O) as a result of the winds estab-
lished by auroral heating. Additional effects such as heating
by the thermal conduction from the magnetosphere and from
the precipitation of low energy electrons are important only
during night-time. All these effects vary from storm to storm
and their importance depends considerably on the location
of the observing stations and also on the levels of solar activ-
ity. However, the work of Yeh and Flaherty (1966) reveals a
positive correlation between slab thickness and Kp index for
temporal latitudes.
The present study indicates a positive dependence of slab
thickness on magnetic activity for mid-latitude during solar
minimum and for high-latitude during solar maximum. It
has been reported that the compression of the magnetosphere
during a geomagnetic storm could lead to a positive iono-
spheric response at mid-latitudes. From simultaneous TEC
and magnetic ﬁeld measurements Mendillo et al. (1970) sug-
gested that magnetospheric compression caused an enhance-
ment in TEC at mid-latitudes. A decrease in plasmaspheric
content following an increase in ionospheric content during
geomagnetic storms has also been observed by Kersley and
Klobuchar (1980). This could explain the observed increase
in slab thickness due to magnetic activity at mid-latitudes at
solar minimum. During solar maximum, for the auroral sta-
tion Goose Bay, several structured positive phases have been
reported during disturbed conditions and might be attributed
to auroral particle precipitation (Yeh et al., 1994). This may
be the reason for the enhanced slab thickness due to magnetic
disturbance observed here for the high-latitude station during
solar maximum.
Another important feature of the slab thickness presented
in this study is its large day-to-day variability. τ being the
ratio of TEC to NmF2, the day-to-day variability of τ must
reﬂect the combined effect of the variabilities of both the pa-
rameters simultaneously. Bhuyan et al. (1986) report, from
low-latitudes that the day-to-day variability in τ occurs in the
form of single day abnormalities, alternate day-to-day ﬂuc-
tuations and long term periodicities of one month or more;
they also found that on a particular day τ varies by 30–50%
from the previous day’s values. Variations as large as 100%
have been noticed on several occasions. Our results show, for
solar minimum, percentage standard deviation changes from
10% by day (equinox, high-latitude) to 67% by night (sum-
mer, mid-latitude) and, for solar maximum, from 10% by day
(winter and equinox, mid-latitude) to 56% by night (equinox,
high-latitude).
The present study on the variations of the ionospheric slab
thickness at low-, mid- and high-latitudes during the strong
solar cycle 21 brings out the following important results:
1. The diurnal variations of τ, during the different seasons
of solar minimum for the non-auroral latitudes, are gen-
erally characterised by higher night-time values com-
pared to the daytime values; the reverse is true during
solar maximum. However, night-time τ values are dom-
inant at the Goosebay auroral station for solar minimum
and maximum phases. This difference in the behavior
of τ at high-latitudes can be consequence of plasma dif-
fusion along open ﬁeld lines because the ﬁeld aligned
plasma exchange between the protonosphere and iono-
sphere at non-auroral latitudes keeps the ionosphere
thicker during the daytime than at night at solar max-
imum.
2. Magnetic disturbance seems to enhance the τ values
for mid-latitude during solar minimum and for high-
latitude during solar maximum. The night-time day-
to-day variability of slab thickness is higher compared
to the daytime variability during the three seasons for
both solar phases for the low-, mid- and high-latitude
stations.
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